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ABSTRACT
Infections with verocytotoxigenic Escherichia coli
(VTEC) other than O157 have been assumed to
have the same epidemiology as those with VTEC
O157, but the source of infection is rarely defined
for sporadic cases. This report describes a child
with VTEC O111:H– infection who was probably
infected by playing in a cattle stable and ⁄ or by
drinking raw milk from the cows in this stable. E.
coli O111 isolates colonising the cattle were
indistinguishable from the patient isolate by the
use of serotyping, pulsed-field gel electrophor-
esis, and virulence profiling.
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Several sporadic cases and outbreaks of verocy-
totoxigenic Escherichia coli (VTEC) O157 infections
have been shown to originate from a ruminant
reservoir and to be transmitted via raw milk or
direct contact with cattle [1,2]. Infections with
other VTEC serogroups, e.g., O26 and O111, are
assumed to have the same epidemiology as those
with VTEC O157; that is, the intestinal tract of
cattle is the main reservoir, and transmission to
man occurs either by direct contact with cattle or
the contaminated environment, or via consump-
tion of contaminated meat, milk, vegetables, fruit
or water [3]. However, cases of non-O157 VTEC
infections have rarely been shown to originate
directly from a specific cattle herd.
This report describes a case of VTEC O111
infection in a child, who was probably infected by
playing in a cattle stable and ⁄ or by drinking raw
milk from the cows in this stable. The patient, a girl
aged 16 months, was taken to the general practi-
tioner after 10 days of non-bloody diarrhoea
accompanied by vomiting for 1 day. The girl was
previously healthy and had not received any
antimicrobial chemotherapy in the 2 weeks pre-
ceding the start of gastrointestinal symptoms. She
did not suffer any other concomitant symptoms or
complications, and recovered spontaneously
2 weeks after the start of symptoms.A stool sample
was examined routinely for bacterial pathogens,
including pathogenic E. coli, by plating on to
Statens Serum Institut enteric medium [4] and
screening for colonies with E. coli virulence factors
by dot-blot DNA hybridisation (including DNA
probes for the vtx1, vtx2 and eae genes). Isolates
positive for vtx were O:H-serotyped with E. coli
antisera (Statens Serum Institut, Copenhagen,
Denmark).
An O111:H– isolate was obtained from the
child’s stool sample. As a VTEC isolate was
detected, the parents of the child were interviewed
to obtain information on likely transmission routes.
It was revealed that the child had visited a farm
1 day before symptoms started, and that during
this visit she had drunk unpasteurised milk and
had been playing in the cowshed without sub-
sequent handwashing. It iswell-known that awide
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range of VTEC strains are present with a high
prevalence in cattle. Therefore, a search specifically
for VTEC O111 was undertaken among the calves
and cows in the stable of this farm.
Samples were obtained from the farm 3 weeks
after the case patient had visited. The farm had a
small number of organic cattle, and faecal sam-
ples were obtained from the nine calves and three
milking cows that were in the stable on the day of
the child’s visit. Additional animals were in grass
pastures, but had not been in contact with the
case; these animals were not included in the
investigation. When possible, 25 g of faeces was
enriched in peptone buffer (15–18 h at 37C), and
this was followed by immunomagnetic separation
(IMS) with O111-antibody-coated beads (Dynal,
Oslo, Norway) following the manufacturer’s
instructions, with final inoculation on to MacCon-
key agar and incubation overnight at 37C. Single
colonies and sweeps of material were screened for
reaction with O111-antiserum. Colonies reacting
with O111-antiserum were examined for the
presence of the vtx1 and vtx2 genes by real-time
PCR [5]. Three VTEC O111 isolates were found in
two of the ten pooled samples.
VTEC O111 isolates from the patient and from
cattle were characterised further by examination
for a range of virulence factors with real-time
PCR (vtx1, vtx2, eae and seven subtypes of eae,
and plasmid-borne factors ehxA, katP, etpD and
espP) [5] and were typed by pulsed-field gel
electrophoresis (PFGE) [6]. PFGE profiles were
analysed using BioNumerics software (Applied
Maths, Kortrijk, Belgium). Comparison of isolates
from cattle and the patient showed that all
isolates belonged to serotype O111:H– and had
the virulence profile vtx1, eae-h, ehxA, katP, espP
(Table 1). Detection of the h-variant of eae is
consistent with other reports showing that
O111:H– and O111:H8 strains usually possess this
variant, whereas O111:H9 possesses the eae-f
variant [7]. PFGE with the restriction enzyme
XbaI likewise showed indistinguishable profiles
(Fig. 1). VTEC O111 infections are rare in Den-
mark (0–4 cases ⁄year in previous years), but
shortly before the present case, two members of a
family in the same geographical region were
infected with VTEC O111:H– (Table 1). The PFGE
profile of these isolates was clearly different from
the PFGE profile of the isolates from cattle and
the child (Fig. 1), but the virulence profile was
identical. Likewise, three sporadic cases of VTEC
O111 infection were detected 1–8 months later.
These also had unique PFGE profiles.
Table 1. Characteristics of the
verocytotoxin-producing Escherichia
coli (VTEC) O111 isolates from the
patient described in this study, the
cattle from the farm, and from
other Danish patients, isolated
1–8 months later
Isolate(s) Month of isolation Source Serotype Virulence profilea PFGE profile
582-03,
583-03,
584-03
August 2003 Cattle
(three isolates)
O111:H– vtx1, eae-h, exhA, espP, katP A
470-03 August 2003 Patient 1;
visiting
farm
O111:H– vtx1, eae-h, ehxA, espP, katP A
485-03 August 2003 Patient 2;
related to
patient 3
O111:H– vtx1, eae-h, ehxA, espP, katP B
508-03 August 2003 Patient 3;
related to
patient 2
O111:H– vtx1, eae-h, ehxA, espP, katP B
662-03 October 2003 Patient 4 O111:H– vtx1, eae-h, ehxA, espP D
321-04 March 2004 Patient 5 O111:H8 vtx1, eae-h, ehxA, espP, katP E
394-04 April 2004 Patient 6 O111:H– vtx1, eae-h, ehxA, espP, katP C
aAnalysed for vtx1, vtx2, eae, seven eae-subtypes (a, b, c, d, , f and h), ehxA, espP, katP and etpD.
Fig. 1. Pulsed-field gel electrophoresis XbaI profiles of the
verocytotoxin-producing Escherichia coli (VTEC) O111 iso-
lates investigated in the study. Lanes: 2, isolate 470-03 from
the case infected after visiting the farm; 3, 4 and 6, isolates
obtained from cattle on the farm (582-03, 583-03, 584-03);
7–9, 11 and 13, isolates from five other patients infected
1–8 months later (485-03, 508-03, 394-04, 662-03, 321-04); 1,
5, 10 and 14, molecular marker strain (Salmonella Braend-
erup); 12, reference strain (E. coli O157).
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Case-control studies have suggested that
direct contact with animal faeces and contact
with the farming environment are important
risk-factors for sporadic infection with VTEC
O157 [8,9]. Furthermore, several cases and out-
breaks of VTEC O157 infection have been
connected to consumption of raw milk from
cows or goats, or to direct contact with animals,
particularly cattle [1,2,10,11]. Two cases of VTEC
O26:H– infection transmitted via raw milk have
also been reported [12]. However, knowledge
regarding the transmission routes and risk-
factors for non-O157 VTEC infections is limited,
and infections with non-O157 VTEC rarely have
a proven zoonotic link [13]. As a large variety of
non-O157 strains are present in the same reser-
voirs as those harbouring VTEC O157, the
absence of evidence for non-O157 VTEC trans-
mission by the same routes is probably a result
of methodological limitations. Sensitive methods
developed specifically for isolation of VTEC
O157 have made it possible to detect these
organisms in low numbers in bovine faecal
samples [14]. These methods are primarily
based on IMS and selective ⁄ indicative media
specific for VTEC O157. However, the same
methods have not been available for non-O157
VTEC, making it difficult to detect these among
the indigenous E. coli flora contained in the
bovine intestine. VTEC often represents < 0.1%
of the bovine E. coli flora [15]. In recent years,
the IMS technique has been developed for
detection of some additional O-groups, e.g.,
O26 and O111, thereby improving the detection
of these specific E. coli O-groups despite the
lack of good selective ⁄ indicative media. In
the present study, IMS for O111 resulted in
the identification of isolates from cattle that
were indistinguishable from the case isolate.
Previous attempts by other methods to isolate
specific non-O157 VTEC strains from cattle
farms likely to be the source of similar VTEC
cases have been unsuccessful (unpublished
data).
The infectious dose of VTEC O111:H– has been
shown previously to be very low. An outbreak of
haemolytic–uraemic syndrome in Australia was
linked to fermented sausage contaminated with
c. 1 cell of VTEC O111:H– ⁄ 10 g of sausage [16].
The fact that such a low infectious dose is
required, combined with the molecular epidemi-
ology evidence from the present study, suggests
that VTEC O111 isolates colonising the intestinal
tract of cattle are capable of causing infection by
direct faecal–oral transmission and ⁄ or transmis-
sion via raw milk. This demonstrates that zoono-
sis can also be associated with non-O157 VTEC.
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ABSTRACT
There is often a delay between completion of a
genome sequence and its publication, mainly
because of the lengthy process of annotation. For
most researchers, the raw sequence alone does not
easily yield the rich information it contains. An
online tool (Virulence Searcher) has been
designed that enables scientists interested in
bacterial pathogenesis to search sequences from
unannotated bacterial genomes for putative genes
encoding virulence factors. This will facilitate an
immediate start on important research into bac-
terial disease without having to wait for the
annotated sequence to be published.
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The complete genome sequence of an organism
contains all the information necessary to define all
of the characteristics of that organism. However,
much of the sequence encodes phenotypes that
are shared between many species, such as genes
encoding housekeeping proteins involved in basic
cell metabolism, cell membrane biosynthesis and
nucleic acid metabolism. This information is
usually of little interest to the public health
microbiologist, who wishes to characterise the
pathogenic potential or selective traits of an
isolate. Of more relevance are the characteristics
that make an organism distinct from other species
or strains. In the case of pathogenic species, the
genes encoding virulence factors, antibiotic resist-
ance, antigenic determinants and other pheno-
types that make it a successful colonising
organism are of particular significance. Finding
these genes within the genome sequence is a
difficult task requiring expert knowledge of the
virulence factors expected. This Note describes a
bioinformatics tool that allows the location of
genes encoding virulence factors in genomes that
have not been annotated.
Initially, a web-based program is used to
predict the location of potential virulence factors
(http://www.hpa-bioinfotools.org.uk/pise/vir-
factfind_small.html). This program processes
whole genome sequences in three steps. First,
genes are predicted in the raw sequence using
Glimmer, an industry-standard gene-predicting
program from TIGR [1] that uses interpolated
Markov models to identify the coding regions and
distinguish them from non-coding DNA. This
requires the user to have selected some known
genes from the organism and saved them in a
single file in the popular FASTA or GenBank
formats. Second, the predicted genes are transla-
ted into protein sequences. This process uses the
standard genetic code to produce predicted
amino-acid sequences from the nucleic acid
sequence. Finally, these protein sequences are
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